ABSTRACT Background: In many cultures, simple herbal infusions, thin gruels, or sweetened water (agüitas in Guatemalan parlance) are given to infants and toddlers. Formative research has shown that the use of agüitas in early child feeding is deeply embedded in Guatemalan culture. Objective: We examined the prevalence and timing of the introduction of agüitas during early life in a low-income population of metropolitan Quetzaltenango in relation to stunting in children. Design: Responses from 456 mothers of children aged 5-23 mo were analyzed by using logistic regression to explore relations between linear growth (stunting), diarrhea, and age at the first introduction of agüitas. Results: A total of 358 of 456 infants (79%) were agüita users independent of sex or ethnicity. Of infants given agüitas, one-fourth of subjects were introduced to agüitas within the first 2.9 wk of age, and one-half of subjects were introduced to agüitas within the first 9 wk of age. Subjects introduced to agüitas before 2.9 wk of age were 1.8 times more likely to be stunted (95% CI: 1.1, 2.8; P = 0.03) irrespective of ethnicity. Children who had ever been given agüitas were twice as likely to have also had diarrhea (OR: 2.1; 95% CI: 1.3, 3.3) and more likely to have needed medical attention for diarrhea (OR: 2.1; 95% CI: 1.1, 4.2), but diarrheal experience was independent of stunting. Conclusion: Because of the early introduction of agüitas and the high prevalence of stunting in Guatemala, longitudinal studies are urgently needed to clarify the causal relations. This trial was registered at Nederlands Trialregister as NTR3273 for 5-mo-olds and Nederlands Trialregister as NTR3292 for infants $6 mo. Am J Clin Nutr 2013;97:631-6.
INTRODUCTION
Nutrition during the first year of life may be the most critical for survival and long-term health. The WHO recommends that a newborn be put to the breast within 1 h of birth and breast milk be the exclusive source of energy and nutrients up to 6 mo of age (1) . Thereafter, breastfeeding should be continued up to 24 mo of age and older while appropriate complementary foods are introduced (2) . Although exclusive breastfeeding (EBF) 5 is the recommended feeding option, it is not necessarily the rule (3) . Mothers often introduce other liquids during the first 6 mo of life. The WHO recognizes a category of predominant breastfeeding (PBF), which in addition to oral rehydration salts, drops, and syrups (vitamins, minerals, and medicines) tolerates water, water-based drinks, fruit juice, and ritual fluids (3, 4) . Any other more-complex beverages or any semisolid or solid foods given to a breastfed child constitute a pattern of mixed feeding (MF). Two studies have shown a difference in morbidity and mortality (5, 6) between EBF and MF but not between EBF with PBF infants. According to the WHO, a pattern of either EBF or PBF can be considered to represent "full breastfeeding" (3, 4) .
As noted, an exemption to the pattern of PBF is the administration of ritual fluids (4) . The giving of ritual fluids refers to the practice of administering prelacteal or postlacteal liquids before or just subsequent to the first nursing with human milk (2) . According to a survey study (Xela-Babies) conducted by our group in 2011 in the urban zone of metropolitan Quetzaltenango City, such perilacteal feeds are not a common practice; however, the provision of herbal infusions or thin gruels, known locally as agüitas, beginning in the first week of life up to the sixth month of life is a very common ritual fluid format. We retain the local term agüitas to include the therapeutic as well as the ritual and cultural meaning of agüitas as used in the Guatemalan context. In a previous analysis, agüitas explained, in part or whole, the first violation of EBF reported by 45% of mothers of infants in the sixth month of life who were interviewed (7) .
A principal context of Xela-Babies was to gain insights on the correlates of poor growth. Guatemala has the highest rate of stunting in children ,5 y old in the Americas (8) and the third highest rate worldwide (9) . Our data-collection instrument captured the timing of the introduction of all elements of the diet as well as anthropometric measures at the moment of enrollment and a retrospective history of illness up to the date of interview. In this article, we present an analysis of the association of the timing of agüita introduction with linear growth at the time of interview. Our aim was to examine the prevalence and timing of the introduction of agüitas during early life in a low-income population of metropolitan Quetzaltenango in relation to child stunting.
SUBJECTS AND METHODS
Participants were selected from mothers who brought children ,2 y of age to public health clinics in metropolitan Quetzaltenango and suburban La Esperanza. The population was selected to include an equal number of boys and girls and sufficient numbers of subjects in the full span of 5-23 mo of age. The study oversampled infants aged 5 mo to capture the complementary feeding practices in the sixth month of life. The study aimed to recruit 150 mother-child dyads of infants aged 5 mo and 300 dyads of infants and toddlers between 5 and 23 mo of age. A total of 456 mother-child dyads with the children aged 5-23 mo were recruited into the study while visiting local public health centers for routine checkups, vaccinations, or illness. Of these dyads, 2 children who were ever given agüitas were missing data on the timing of agüita introduction and an additional 4 children were missing data on length. Sample sizes by age group were as follows: 5 mo (n = 156), 6-11 mo (n = 114), 12-17 mo (n = 98), and 18-23 mo (n = 88).
The location was recorded based on the public health center where the interview took place. Because of the social sensitivity of the question, ethnicity was not asked directly, but mothers who wore traditional clothes were recorded as such and were identified in this analysis as indigenous. Feeding practices and the frequency of diarrhea were based on maternal recall during a face-to-face interview with the caretaker (mothers). In the interview, caretakers were asked to recall any foods or drinks given to the child and the timing that those items were first introduced. The number of episodes of diarrhea, regardless of intensity, were queried. Anthropometric measurements were collected for the infant by trained researchers by following standard procedures described by Gordon (10) . Recumbent spine length was measured 3 times by using a Seca measuring mat (model number 2101821009) to the nearest 0.5 cm. The study was conducted in accordance with local and international ethical standards and was approved by the Human Subjects Committee of the Center for Studies of Sensory Impairment, Aging and Metabolism, Guatemala and the Medical Ethics Review Committee of the VU University Medical Center in the Netherlands.
The analysis focuses on child growth in relation to maternal recall of the age agüitas were first introduced. Specifically, maternal recall of ever feeding of agüitas and having been introduced to agüitas at an early age were assessed as main exposures. Agüitas were explored in relation to outcomes relevant to long-term growth, more specifically the height (length)-forage z score of the child compared with the WHO international standard (11) . Logistic regression was used to explore the relation between maternal recall of the early introduction of agüitas and current child stunting defined as less than 22 lengthfor-age z scores compared with the WHO international standard (11) . In a separate qualitative study, mothers reported giving agüitas to maintain the child's health, either to maintain good health or as herbal medicine to treat gastrointestinal or other infections. A summary of these findings are reported in our results and were used to guide the analysis by testing hypothesized associations that were based on the beliefs of mothers about the health qualities of agüitas. These beliefs were also central to the analytic plan with the recognition that mothers were likely to give agüitas to infants and toddlers as a result of a gastrointestinal infection. Therefore, it was necessary to disentangle causality from reverse causality.
Associations between having been given agüitas and child stunting were expected because mothers were more likely to have given agüitas if the child had diarrhea. Thus, mothers of children with frequent diarrhea were more likely to have a stunted child and more likely to have reported giving agüitas. Therefore, it was important to explore the recalled ever introduction to agüitas and whether the recalled introduction to agüitas at an earlier age was associated with current outcomes. The specification of an early introduction of agüitas was based on a data-driven approach by dividing the sample into quartiles of the recalled age of the first introduction of agüitas and comparing the stunting prevalence in all 4 groups. Associations were tested for confounding by using the ethnicity and location of mothers. Results were compared with the same associations by using the definition of the recalled ever agüita exposure to explore whether the findings were specific to the early timing of exposure. Because of distance between the child's current age and recalled event (ie, early infancy feeding practices), a stratified analysis was done to separately explore the potential role of nondifferential misclassification. Assuming that the mother's recall of the timing of agüita introduction was not different because of the child's stunting status, we expected a greater nondifferential misclassification of early agüita introduction with the increasing age of the child. As Rothman et al (12) have shown, a severe nondifferential misclassification can completely obliterate and even reverse the direction of an association. Namely, reversals of an association can occur whereby the classification method is worse than the random classification of people as exposed or not. Mothers of older children were asked to recall over a longer time period, particularly for variables defined by feeding practices within the first weeks after birth. The greater the distance from the recalled event, such as occurs when mothers of toddlers are asked to recall early infancy feeding practices, introduces misclassification. Therefore, we stratified by child age to explore evidence of a recall bias.
Finally, we tested whether the significant associations were mediated by diarrheal infection. First, it was also important to verify whether the mothers reporting of agüita use was consistent with previous formative research. If mothers in this sample believed agüitas could help alleviate gastrointestinal symptoms, ever having had a diarrheal infection would have been associated with the ever use of agüitas. Reverse causality can be further understood by exploring whether the timing of, or early, introduction of agüitas was associated with frequent diarrheal infection.
RESULTS
Most mothers (78.5%) reported having ever given agüitas to the child in the full sample of 456 children. After the exclusion of 4 children with missing data on length, 38.1% (172 of 452) of children were stunted. The stunting prevalence was 39.5% (140 of 354) in children whose mothers reported ever giving agüitas and 32.7% (32 of 98) in children whose mothers never gave agüitas (P = 0.21). Of the initial 358 mothers who reported ever giving agüitas, 2 mothers did not state the time of the first introduction. The remaining mothers who ever gave agüitas were distributed roughly into quartiles as follows: 25% of mothers (88 of 356) reported giving agüitas in the first 2.9 wk of life, 30% of mothers (105 of 356) introduced agüitas between 2.9 and 9 wk of age; 25% of mothers (89 of 356) gave agüitas between 9 and 18 wk of age, and 21% of mothers (74 of 356) gave agüitas after 18 wk of age. In addition, there were 98 mothers who reported never giving agüitas. Characteristics of the 454 dyads comparing early agüita users to later and never users, after excluding the 2 mothers who reported giving agüitas but did not state the timing of introduction are shown in Table 1 . There were no statistically significant differences by sex or ethnicity.
The overall prevalence of stunting in these 454 five-to 23-moold children, after excluding the 4 children with missing data on length, was 37.8% (170/450). Stunting prevalence by age of introduction to agüitas in the 352 children who were even given agüitas after the exclusion of the 6 children with missing data for the timing of introduction of agüitas and length are compared in Figure 1 . The results showed a fish-hook shaped curve, with the highest stunting prevalence in the lowest quartile (48.8%), the lowest stunting prevalence in the second (34.3%) and third (32.2%) quartiles, and, once again, a higher prevalence in the upper quartile (43.2%). None of the differences between the quartiles were statistically significant. On the basis of the observation that the quartile with the highest prevalence was in the youngest quartile, early agüita introduction was defined as children who were given agüitas within the first 2.9 wk of life. In logistic analysis, early agüita exposure was compared with either later or no exposure in all other children.
Children who were given agüitas early (in the first 2.9 wk) were 1.8 times more likely to be stunted (95% CI: 1.1, 2.8) compared with all other children. This result was unchanged after adjustment for ethnicity or sex. In stratified results, the only significant association was in the youngest age group in whom there was less time lapse between the recalled event (introduction of agüitas in the first 2.9 wk of life) and the current age of the child (5 mo). As presented in Figure 2 , stratified results by age showed an attenuated association in the older age groups. Namely, the association was strongest (OR: 4.0; 95% CI: 1.7, 9.2) in 5-mo-olds. The strength of the association was attenuated in children 6-11 and 12-17 mo of age, and the direction of the association changed in the 18-23-mo-old age group (OR: 0.5; 95% CI: 0.1, 1.8). Furthermore, none of the results were significant in any of the older age groups.
As an additional analysis, diarrheal infection was added to the model as a confounder of the relation between having been given agüitas at an early age and later stunting. Diarrhea was not a confounder in the relation on the basis of the criterion of a 10% change in the effect estimate. The strength of association remained exactly the same (OR: 1.8) after ever having had diarrhea was controlled for. The result also remained the same when a high frequency of diarrheal infection was entered in place of ever having a diarrheal infection.
Results are shown in Table 2 from a separate qualitative study that used key informant interviews in which the mothers were asked to define and describe agüitas given and the reason for giving each one. Agüitas given to children within the first 24 mo of age fell under the category of herbal infusions or thin gruels. Most agüitas are given for gastrointestinal complaints, although some agüitas are given for fever, the maintenance of lung health, or to restore the hot-cold balance. Some mothers also answered that agüitas could maintain good health. Therefore, an analysis was done to test associations between having given agüitas at an early age and the frequency and severity of illness. Although qualitative research showed that most mothers reported the use of agü itas to address or prevent gastrointestinal complaints, there was no difference in the reported use of agüitas and outcomes related to diarrheal infection. The prevalence of ever having had diarrhea in children who were given agüitas at an early age (60.2%) was similar to the prevalence of diarrhea in children who were not given agüitas at an early age (61.2%). In the full sample, mothers who reported the child as having had diarrhea mostly reported diarrhea that required medical attention (78.1%). In children reported as having had diarrhea, the prevalence of reported diarrhea that required medical attention in children who were given agüitas at an early age was 73.1% compared with 79.1% in children who were not given agüitas at an early age. These differences were not significant.
Additional analysis explored relations between ever giving agüitas and diarrheal outcomes. As expected, children who had ever been given agüitas were twice as likely to have also had diarrhea (OR: 2.1; 95% CI: 1.3, 3.3). Children who had ever been given agüitas were also more likely to have needed medical attention for diarrhea (OR: 2.1; 95% CI: 1.1, 4.2). These results were not confounded by the sex of the child or ethnicity (mothers who wore indigenous clothes). In addition, the analysis verified the internal consistency with these findings and showed no association between early agüita exposure and having had diarrhea (OR: 1.0; 95% CI: 0.6, 1.5).
DISCUSSION
The provision of agüitas early in life in Guatemala is a deeply rooted tradition. Public health workers might be inclined to accept full breastfeeding, which includes PBF, as a consolation prize or fallback position, in lieu of discouraging a culturally rooted behavior, provided that the practice would have no adverse effects on the health of infants. However, the timing of agüita offering is important, and the United Nations agencies (3, 4) and certain commentators in the literature (13) (14) (15) (16) (17) (18) have dissuaded mothers and health workers from prelacteal feedings in no uncertain terms. The synthesis of the analysis with the highland Guatemalan pattern of agüita offering is consistent with the description by Rothman et al (12) of what would FIGURE 1. Stunting prevalence (bars) by quartiles of age that agüitas were first introduced in children who were ever given agüitas. Prevalence values were compared to identify the pattern of stunting in the exposure groups. It was not possible to divide the groups evenly into 4 parts, and thus, the second quartile was larger than 25%, and the fourth quartile was smaller. Results showed the highest prevalence of stunting to be in the first quartile. The stunting prevalence does not indicate a linear relation between the timing of early agüita introduction and stunting prevalence but, rather, a pattern in which the lowest prevalence of stunting is in the middle quartiles. Because of these patterns, the first quartile could not be combined with other groups, and early agüita exposure was defined as being introduced to agüitas at ,2.9 wk of age. None of the differences between quartiles were significant on the basis of chi-square tests that compared prevalences. FIGURE 2. OR plot that illustrates crude and age-stratified ORs and shows the relation between early introduction and current stunting at the time of enrollment. Results were based on the 250 children with data available for length as well as the timing of agüita introduction. Crude ORs showed that children who were given agüitas at ,2.9 wk of life were .1.8 times as likely to be stunted, and 95% CIs showed the association to be significant. The 95% CIs crossed unity in all but the youngest age group. However, age-stratified ORs showed a pattern of attenuation of the effect with increasing age and crossed unity in the oldest age group. The pattern in which the OR attenuated in the older children was consistent with the pattern described by Rothman et al (12) of a greater misclassification with remoteness from the event in question.
happen with increasing degrees of nondifferential misclassification. Altogether, these findings are consistent with a genuine association that indicates a likely association between the early introduction of agüitas and risk of child stunting. Our conclusion is based on the consistency and strength of association in all but the oldest age group. It is notable that, in children .18 mo old, there was a protective association. If a protective association had been shown in younger age groups, we may have concluded that agüitas are protective against stunting. Instead, a more likely explanation for these findings is the extreme nondifferential misclassification related to the difficulty mothers of older children would have in correctly remembering early infancy feeding practices. In other words, if the results in the oldest age group were driven by misclassification, it would imply that maternal recall of early child feeding practices may have been so poor as to have yielded findings that were opposite to the truth.
The associations found in the 5-mo-old infants were consistent with WHO recommendations for EBF in the first 6 mo of life. Depending on the causality relations, the inverse association between the early introduction of agüitas and linear growth attainment in 18-23-mo-old children could be more or less ominous. When agüitas were administered in the prelacteal setting, associations with adverse infant outcomes have been reported (15) . The timing is distinct in the Western Highlands and seems to begin after lactation has been established. What then explains the association shown in the current study? On the one hand, the plausibility of an adverse influence that agüitas might have on growth might come from bioactive substances. For instance, St John's wort is one of the common infusions used in agüitas of Guatemala; the use of this herb has been associated with developmental delay in pediatric applications (19) . Microbiological contamination, which leads to diarrhea, is another potential mechanism. The lack of association with ever-reported diarrhea could be explained if the recall bias for mothers who ever-reported diarrhea or reported the frequency of diarrheal infection was even greater than the recall bias associated with agüitas. Herbal infusions by definition are steeped in boiling water, and gruels are cooked items. Our interviews confirmed that the agüitas were served in baby bottles, which, themselves, represent a microbiological risk in developing country settings (20, 21) . The offering of agüitas seems to be an episodic and occasional activity, and volumes are not large, which perhaps mitigated the direct-causality hypothesis. Neither a substantial displacement of breastfeeding or sustained contamination is likely to explain fully the association observed.
In contrast, a reverse-causality explanation for the observed association has a certain degree of construct validity. Our qualitative research that created the generic framework of selection of and motivation for use of agüitas suggested that some mothers give agüitas for therapeutic or prophylactic reasons. It is possible to surmise that those children who receive the earliest and, cumulatively, most exposure to agüitas are children who are perceived to have, and may have, illnesses or lowered disease resistance. Even if these remain subclinical, their influence on growth, through distortions of the hormonal growth axis (22) , would provide plausibility to the reverse-causality configuration in which the more sickly (and stunting-prone) children are more likely to be offered agüitas. A reverse-causality explanation would be valid if infants who were stunted, or somehow destined to be stunted, were more likely to be given agüitas than longer or better growing peers. However, the reverse-causality hypothesis that is based exclusively on behavior in response to diarrhea was not borne out in the analysis. Although children who ever had a diarrheal episode were more likely to have been given agüitas, there was no association between diarrheal infection and stunting. Furthermore, the addition of diarrheal infection as a confounder to the regression model did not change the association between early agüita introduction and stunting, although this may have been due to limitations of maternal recall. An additional analysis also showed variables such as the frequencies or severities of reported respiratory infection and ear infection were not associated with the maternal report of early agüita exposure. However, as shown in Table 1 , agüitas are directed at other symptoms, such as colic and constipation, which were not part of our questionnaire. Mothers reported giving agüitas not only for medical reasons but also for restoring the hot-cold balance and maintaining good health. Nevertheless, we must remain open to a possibility that poor infant health was the underlying cause of the stunting, and the mothers responded with prophylactic administration of agüitas.
Our study had some strengths and limitations. On the positive side, the sample size was robust, and the principal outcome variable of stunting was derived from meticulously standardized length measurements and the documented accuracy of child age from the clinic records. However, the estimation of diarrhea was less perfect because it was based solely on maternal recall and interpretation of diarrhea. Maternal recall of a child having ever had diarrhea was not sensitive enough to distinguish the children who were most affected by severe or frequent bouts of diarrhea. The frequency of diarrhea, which was also based on maternal recall, was likely to be influenced by recall bias in the same manner shown in our analysis of agüitas. As shown by Rothman et al (12) , misclassification not only attenuates the effect; as the misclassification approaches 100%, it can reverse a true positive association. As previously discussed, early classification for the introduction of agüitas depends on the accurate recall by the mother. Memory is not consistent across time since an actual event and misclassification is likely to increase with the age of the child. In addition, these results were only generalizable to infants and toddlers taken to public health centers. Furthermore, mothers from a higher education or economic class may have been more comfortable being interviewed by nutritionists or more motivated to participate in return for information about the growth of their children.
In conclusion, the high prevalence and early introduction of agüitas are consistent with other findings that show agüitas to be deeply rooted in the culture of infant rearing in Guatemala. Because the WHO (3, 4) makes a separate early feeding classification (PBF), which includes ritual fluids (agüitas) as consistent with full breastfeeding, we take the inference that it is regarded to be a more-benign practice than MF. Moreover, public health officials would prefer to abide by deeply rooted traditions such as the use of agüitas as a manifestation of cultural respect and to retain their credibility with the community. Children with exceptionally early exposure in life to these agüitas are almost twice as susceptible to stunting as are children with a later initial introduction. Because this effect has potentially important health implications, it is urgent to further explore the causal relationships involved in the association observed in this study. Furthermore, it is important to explore the role agüitas play as a first violation of EBF. This requires longitudinal verification of the relation between agüitas, feeding practices, morbidity ,and growth in the first 6 mo of life and an in-depth understanding of the cultural meaning and use of agüitas.
